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(57) ABSTRACT

The present system relates to a system architecture that uses
a single electron transistor (SET) to analyze base sequences
of deoxyribonucleic acid (DNA) at ultra high speed in real
time. DNA represents the entire body of genetic information
and consists of nucleotide units. There are a total of four types
of nucleotides, and each nucleotide consists of an identical
pentose (deoxyribose), phosphate group, and one of four
types of bases (Adenine: A, Guanine: G, Cytosine: C, Thym-
ine: T). A and G are purines having a bicyclic structure while
C and T are pyrimidines having a monocyclic structure. Each
has a different atomic arrangement, which signifies a differ-
ent charge distribution from one another. Therefore, a system
comprising a single electron transistor that is very sensitive to
charges, a probe of a very small size that reacts to one nucle-
otide very effectively, and an extended gate that connects the
SET with the probe, can be used to analyze DNA base
sequences at ultra high speed in real time.

13 Claims, 6 Drawing Sheets
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1
ULTRA HIGH SPEED AND HIGH
SENSITIVITY DNA SEQUENCING SYSTEM
AND METHOD FOR SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to deoxyribonucleic acid
(DNA) sequencing method and system. More specifically, the
invention relates to a method and a system for analyzing a
large amount of DNA sequences in real time at ultra high
speed much higher than that of the existing analysis method.

2. Background of the Related Art

DNA is the entire body of genetic information and is com-
posed of nucleotides. Protein is synthesized based on a nucle-
otide sequence recorded in DNA. If the nucleotide sequence
is different from the original sequence, different protein may
be synthesized to generate a critical problem. Accordingly, it
is very important and required to inspect whether DNA has a
right nucleotide sequence in terms of disease prevention and
treatment.

There are a total of four types of nucleotides, and each
nucleotide consists of an identical pentose (deoxyribose),
phosphate group, and one of four types of bases (Adenine: A,
Guanine: G, Cytosine: C, Thymine: T). A and G are purines
having a bicyclic structure while C and T are pyrimidines
having a monocyclic structure.

A variety of DNA sequencing methods have been devel-
oped from early methods such as Maxam-Gilbert sequencing,
Chain-Termination methods, etc. to Dye-Terminator
sequencing. However, these methods analyze only a small
number of bases per unit time and require a long time for a
preparation work, for example, radioactive isotope substitu-
tion or dying. Furthermore, it is disadvantageous in that the
methods need high cost and produce environmental pollution
such as radioactive waste after analysis.

Moreover, the length of DNA which can be analyzed is
limited and it is difficult to simultaneously analyze many
DNAs.

DETAILED DESCRIPTION OF THE INVENTION
Subjects of the Invention

Accordingly, the present invention has been made in view
of the above-mentioned problems occurring in the prior art,
and it is a primary object of the present invention to provide a
ultra high speed and high sensitivity DNA sequencing system
and method. The two strands have complement sequences to
each other, and thus the sequence of only one of the two
strands may be analyzed.

Resolution of the Invention

The ultra high speed and high sensitivity DNA sequencing
system and method separates DNA double helix into two
strands. The two strands have complement sequences to each
other, and thus the sequence of only one of the two strands
may be analyzed.

Accordingly, DNA is passed through a moving part sub-
strate in which ahole or a channel having a size through which
a single nucleotide can pass is formed. Here, a very small
probe is placed in the middle of the hole or channel such that
the probe effectively reacts to the nearest nucleotide.

The probe is coupled to a quantum dot of a single-electron
transistor through an extended gate. The quantum dot of the
single-electron transistor reacts to surrounding charges very
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sensitively. Accordingly, the charge distribution of the probe,
induced according to a base type, is transferred to the quan-
tum dot of the single-electron transistor through the extended
gate to change the conductivity of the single-electron transis-
tor. By measuring the conductivity of the single-clectron tran-
sistor, the base type reacting to the probe can be correctly
detected.

To accomplish the above object of the present invention,
according to an aspect of the present invention, there is pro-
vided a DNA sequencing system comprising a moving part
composed of a moving part substrate in which a hole or a
channel having a size through which one strand of a prede-
termined DNA double helix can pass is formed and a probe
effectively reacting to the nearest nucleotide; a sensing part
composed of a single-electron transistor electrically sensi-
tively reacting to charges; an extended gate coupling the
moving part to the sensing part.

The hole may be formed in a direction perpendicular to the
surface of the substrate and a single strand of DNA may pass
through the hole. The DNA may be moved through the hole
from the top to bottom of the substrate or from the bottom to
top of the substrate by using electrophoresis, etc. The moving
part preferably has the probe made from a conductive thin
film which effectively reacts to the nearest nucleotide to
change charge distribution thereof.

The channel may be formed in-plane on the substrate in
parallel with the surface of the substrate and have a width such
that the one stand of DNA can be moved through the channel
on the surface of the substrate by using electrophoresis. The
probe of the moving part may be formed from a conductive
thin film which effectively reacts to the nearest nucleotide to
change charge distribution thereof and placed in the middle of
the channel.

The single-electron transistor of the sensing part may com-
prise a quantum dot having a size in the range of several to
tens nanometers, a source emitting an electron to the quantum
dot, a drain receiving the electron from the quantum dot, a
first gate controlling the state of the quantum dot, and a
second gate required to couple the probe and the quantum dot
to each other.

The second gate may be designed such that capacitance
between the second gate and the quantum dot is maximized to
effectively transfer a variation in the probe according to the
nucleotide to the quantum dot of the single-electron transis-
tor.

The single-electron transistor of the sensing part may be
replaced by a quantum point contact.

The sensing part may further comprise an amplifier pro-
vided near the drain to increase a speed of measuring the
conductivity of the single-electron transistor or quantum
point contact.

The sensing part may further comprise a resonant circuit
provided near the single-electron transistor or quantum point
contact and apply an RF or microwave signal to increase
charge sensitivity and analysis speed.

The DNA sequencing system may have the sensing part,
the moving part and the extended gate integrated as an on-
chip on a single substrate to maximize a signal transfer rate.

When it is required to decrease the temperature of the
sensing part such that charge sensitivity and operation char-
acteristics of the sensing part can be improved, the sensing
part and the moving part may be respectively formed on
different substrates. By doing so, the temperature of only the
sensing part substrate can be selectively decreased. The DNA
sequencing system may couple the second gate of the sensing
part to the probe of the moving part by using a metal wire as



US 9,097,719 B2

3

the extended gate in consideration of thermal conductivity
and signal transmission characteristic.

The moving part may include a dielectric layer formed on
the inner surface of the hole or channel through which the
DNA is moved such that the probe and nucleotide react to
each other through the dielectric layer.

The moving part may not include the dielectric layer
formed on the inner surface of the hole or channel through
which the DNA is moved such that the probe and nucleotide
directly react to each other.

The DNA sequencing system may include multiple probes
formed at intervals in the hole perpendicular to the surface of
a moving part substrate or in the channel parallel with the
surface of the moving part substrate and single-electron tran-
sistors as many as the number of probes, formed on a sensing
part substrate and respectively coupled to the probes. Accord-
ingly, a single DNA can be analyzed multiple times through
one-time analysis work. Furthermore, analysis and inspection
can be simultaneously performed to eliminate analysis error.

The DNA sequencing system may include multiple holes
or multiple channels formed in the moving part substrate and
single-electron transistors as many as the number of probes
formed on the moving part substrate, which are formed on the
sensing part substrate and respectively coupled to the probes
through the extended gate, so as to simultaneously analyze
multiple DNAs.

To accomplish the above object of the present invention,
according to another aspect of the present invention, there is
provided a DNA sequencing method which couples a probe,
which has a charge distribution varied with a charge distribu-
tion difference between different bases of DNA, to an element
sensitively reacting to charges (for example, a single-electron
transistor or a quantum point contact) to measure a variation
in the conductivity of the element to detect the types of the
bases.

Effects of the Invention

The DNA sequencing method and system proposed, by the
present invention does not require an additional preparation
operation other than the operation of separating DNA double
helix into two strands, and thus the sequencing work is sim-
plified. Furthermore, materials such as radioactive isotopes or
dyes are not discharged and a large quantity of DNAs can be
simultaneously analyzed at ultra high speed in real time in an
automated manner irrespective of DNA length. Moreover,
inspection can be performed simultaneously with analysis,
and thus analysis error can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be apparent from the following detailed
description of the preferred embodiments of the invention in
conjunction with the accompanying drawings, in which:

FIG. 1 illustrates a structure of a conventional single-elec-
tron transistor;

FIG. 2 is a circuit diagram of the conventional single-
electron transistor;

FIG. 3 is a perspective view showing a state of moving
DNA through a vertical moving part having a hole formed in
a substrate in a vertical direction according to a first embodi-
ment of the present invention;

FIG. 4 is a cross-sectional view showing the upper and
lower pats of the hole formed in the substrate shown in FIG.
3;
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FIG. 5 is a perspective view showing a state of moving
DNA through a horizontal moving part having a channel
formed on a substrate in a horizontal direction according to a
second embodiment of the present invention;

FIG. 6 is a three-dimensional view showing coupling of a
probe of a horizontal moving part and a single-electron tran-
sistor of a sensing part, which are integrated in a single
substrate, through an extended gate according to a third
embodiment of the present invention; and

FIG. 7 is a three-dimensional view showing coupling of a
probe of a horizontal moving part and a single-electron tran-
sistor of a sensing part, which are respectively formed on
different substrates, through an extended gate according to a
fourth embodiment of the present invention.

DESCRIPTION OF REFERENCE NUMERALS OF
PRINCIPAL ELEMENTS IN THE DRAWINGS

10, S: source

20, D: drain

30, G1: first gate

31, G2: second gate

40: quantum dot

100: moving substrate

110: probe

200: Deoxyribonucleic acid (DNA)
300: extended gate

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

(Configuration)

FIG. 1 illustrates a structure of a conventional single-elec-
tron transistor and FIG. 2 is a circuit diagram schematically
showing a constitution of the conventional single-electron
transistor. The single-electron transistor shown in FIGS. 1
and 2 is used for a sensing part of the present invention.
Referring to FIGS. 1 and 2, the single-electron transistor
includes a quantum dot QD 40 having a size in the range of
several to tens nanometers, a source S 10 emitting an electron
to the quantum dot QD 40, a drain D 20 receiving the electron
from the quantum dot QD 40, a first gate G1 30 controlling the
state of the quantum dot QD 40, and a second gate G2 31
required for coupling a probe to the quantum dot QD 40.

The single-electron transistor may be replaced by an ele-
ment that sensitively reacts to charges, such as quantum point
contact QPC, and an amplifier may be provided near the
element to improve the reaction speed of the element. To
increase charge sensitivity in addition to the reaction speed, a
resonant circuit and RF or microwave signals may be used or
the operating temperature of the element may be decreased.

FIG. 3 is a perspective view showing a state of moving
DNA through a vertical moving part having a hole formed in
a substrate in a vertical direction according to a first embodi-
ment of the present invention and FIG. 4 is a cross-sectional
view showing the upper and lower pats of the hole formed in
the substrate shown in FIG. 3. Referring to FIGS. 3 and 4, the
moving part includes a moving part substrate 100 in which a
hole having a size through which one strand of a predeter-
mined DNA double helix 200 can pass is formed and a probe
110 that is provided in the middle of'the hole and reacts to the
nearest nucleotide.

That is, the DNA 200 is passed through the hole having a
size through which a single nucleotide can pass and the very
small probe 110 effectively reacting to the nearest nucleotide
is placed in the middle of the hole.
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On the basis of this structure, multiple probes may be set in
a single hole to simultaneously perform analysis and inspec-
tion or multiple holes may be formed in a single substrate to
simultaneously analyze multiple DNAs.

Here, a sensing part (not shown) may be composed of a
single-electron transistor capable of measuring a conductiv-
ity variation based on the charge distribution of the probe 110,
which is varied according to reaction to the DNA 200, and
coupled to the probe 110 through an extended gate. Here, the
single-electron transistor may be integrated as an on-chip on
the moving part substrate 100 or separately formed on a
substrate different from the moving part substrate 100.

A DNA sequencing method according to the first embodi-
ment of the present invention separates the DNA double helix
200 into two strands and analyzes the sequence of one of the
two strands since the two strands have complement sequences
to each other. The sequencing method will be described later.

FIG. 5 is a perspective view showing a state of moving
DNA through a horizontal moving part having a channel
formed on a substrate in a horizontal direction according to a
second embodiment of the present invention. Referring to
FIG. 5, the moving part includes the moving part substrate
100 on which the channel having a size through which one
strand of a predetermined DNA double helix 200 can pass is
formed and the probe 110 that is provided in the middle of the
channel and reacts to the nearest nucleotide.

That is, DNA 200 is passed through the channel having a
size through which a single nucleotide can pass and the very
small probe 110 effectively reacting to the nearest nucleotide
is placed in the middle of the channel.

On the basis of this structure, multiple probes may be set in
a single channel to simultaneously perform analysis and
inspection or multiple channels may be formed on a single
substrate to simultaneously analyze multiple DNAs.

FIG. 6 is a three-dimensional view showing a system
including the probe of the horizontal moving part and the
single-electron transistor of the sensing part, which are inte-
grated in the single substrate and coupled to each other
through an extended gate, according to a third embodiment of
the present invention. Referring to FIG. 6, the moving part
includes the moving part substrate 100 and the probe 110 and
the single-electron transistor (or sensing part) includes the
source 10, the drain 20, the first gate 30, and the second gate
31. The extended gate is integrated as an on-chip on the
substrate 100 to maximize a signal transmission speed.

Here, the sensing part is composed of the single-electron
transistor capable of measuring conductivity variation based
on the charge distribution of the probe 110, which is varied
according to reaction to DNA 200, and the extended gate
couples the moving part and the sensing part to each other.

FIG. 7 is a three-dimensional view showing coupling of a
probe of a horizontal moving part and a single-electron tran-
sistor of a sensing part, which are respectively formed on
different substrates, through an extended gate 300 according
to a fourth embodiment of the present invention. Referring to
FIG. 7 the sensing part and the moving part may be respec-
tively formed on a sensing part substrate and a moving part
substrate to reduce the temperature of the sensing part so as to
increase the charge sensitivity and operating characteristic of
the sensing part. The extended gate uses a metal-wire
extended gate 300 that connects the second gate 31 and the
probe 110 to decrease thermal conductivity and increase sig-
nal transfer characteristic.

(Sequencing Method)

DNA double helix is separated into two strands. The two
strands have complement sequences to each other, and thus
the sequence of only one of the two strands is analyzed using
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the ultra high speed and high sensitivity DNA sequencing
system of the present invention.

The probe has a charge distribution variation according to
the nearest nucleotide changing as predetermined DNA
moves through the hole or channel formed in the moving part
substrate, in S10. Here, the DNA may be moved through the
hole or channel from the top to bottom of the substrate or from
the bottom to top of the substrate using electrophoresis, etc.

In S20, the extended gate 300 transfers varied charge dis-
tribution of probe to the quantum dot 40 of the single-electron
transistor. The quantum dot 40 of the single-electron transis-
tor reacts to surrounding charges remarkably sensitively, thus
this transfer results in a significant variation in the conduc-
tivity of the single-electron transistor.

Here, in S30, a predetermined analyzer (not shown) may
analyze the conductivity of the single-electron transistor to
correctly detect the base type reacting to the probe 110.

What is claimed is:
1. A DNA sequencing system comprising:
a moving part formed on a moving part substrate config-
ured to operate at room temperature and having a hole or
achannel, wherein the hole or channel has a size through
which one strand of a predetermined DNA double helix
can move and a conductive thin film in the substrate for
reacting to the nearest nucleotide;
a sensing part formed on a separate sensing part substrate
configured to operate at low temperatures for improving
charge sensitivity and operating characteristics of the
sensing part and comprising a single-electron transistor
capable of measuring a conductivity variation of the
single-electron transistor based on the charge distribu-
tion of the conductive thin film, said charge distribution
varying according to electrical reaction between the
conductive thin film and the nearest nucleotide;
wherein the single-electron transistor comprises:
aquantum dot having a size in the range of several to tens
nanometers;

a source emitting an electron to the quantum dot;

a drain receiving the electron from the quantum dot;

a first gate controlling the state of the quantum dot;

a second gate for controlling the state of the quantum
dot; and

an extended gate comprising a metal wire to couple the
conductive thin film in the moving part to the second
gate in the sensing part, wherein the extended gate
reduces thermal conductivity between the substrates and
increases signal transfer characteristics between the sub-
strates.

2. The DNA sequencing system of claim 1, wherein the
moving part substrate has top and bottom surfaces, the hole is
formed in a direction perpendicular to the top and bottom
surfaces of the moving substrate, and the conductive thin film
is formed such that the charge distribution of the conductive
thin film is varied by the nearest nucleotide.

3. The DNA sequencing system of claim 2, wherein a
dielectric layer is formed on the inner surface of the hole such
that the conductive thin film and the nucleotide react to each
other through the dielectric layer.

4. The DNA sequencing system of claim 1, wherein the
channel is formed in the moving part substrate in a plane
parallel with surfaces of the moving part substrate, and the
conductive thin film is formed such that the charge distribu-
tion of the conductive thin film is varied by the nearest nucle-
otide.

5. The DNA sequencing system of claim 4, wherein a
dielectric layer is formed on the inner surface of the channel



US 9,097,719 B2

7

such that the conductive thin film and the nucleotide react to
each other through the dielectric layer.

6. The DNA sequencing system of claim 1, wherein the
sensing part further comprises an amplifier provided near the
single-electron transistor to increase a speed of measuring the
conductivity of the single-electron transistor.

7. The DNA sequencing system of claim 1, wherein the
sensing part further comprises a resonant circuit provided
near the single-electron transistor to increase charge sensitiv-
ity and analysis speed, and an RF or microwave signal is
applied through the resonant circuit to measure reflectivity or
transmissivity of the RF or microwave signal.

8. The DNA sequencing system of claim 1, wherein the
conductive thin film includes a plurality of conductive thin
films formed at intervals between both ends of the hole or
channel to analyze and inspect the DNA multiple times
through one-time analysis, the single-electron transistor
includes a plurality of single-electron transistors as many as
the number of the plurality of conductive thin films, formed
on the separate sensing part substrate, and wherein the
extended gate includes a plurality of extended gates, each
extended gate connecting each one of the single-electron
transistors to its respective corresponding conductive thin
film connected via the extended gate.

9. The DNA sequencing system of claim 1, wherein the
hole or the channel includes multiple holes or multiple chan-
nels, the conductive thin film includes multiple conductive
thin films respectively corresponding to the holes or channels,
the single-electron transistor includes multiple single-elec-
tron transistors which are formed on the sensing part sub-
strate, and the single-electron transistors on the sensing part
substrate are connected to their respective conductive thin
films on the moving part substrate via corresponding respec-
tive extended gates.
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10. The DNA sequencing system of claim 1, wherein the
conductive thin film is disposed between two surfaces of the
substrate.
11. The DNA sequencing system of claim 1, wherein the
conductive thin film is disposed below surface of the moving
part substrate.
12. A DNA sequencing method comprising:
providing separate moving and sensing substrates;
operating the moving substrate at room temperature and
operating the sensing substrate at lower temperatures;

providing the moving substrate with a conductive thin film
having a charge distribution that varies according to the
base of a predetermined DNA, said moving substrate
having a predetermined hole or a predetermined chan-
nel;

moving the predetermined DNA through the hole or cham-

ber in the moving substrate;

providing an extended gate between the moving substrate

and the sensing substrate, said extended gate coupled at
one end to the conductive thin film on the moving sub-
strate and to the sensing substrate;

on the sensing substrate, providing a single-electron tran-

sistor or a quantum point contact coupled to the extended
gate so that the charge distribution variation of the con-
ductive thin film is coupled to the single electron tran-
sistor or the quantum point contact; and

analyzing the conductivity of the single electron transistor

or the quantum point contact to detect the type of base
varying the charge distribution on the conductive film.

13. The DNA sequencing method of claim 12, wherein the
conductive thin film is disposed below surface of the moving
substrate.



